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Abstract
Background: Knowing the levels of polyamines (putrescine, spermidine, and spermine) in different foods is of
interest due to the association of these bioactive nutrients to health and diseases. There is a lack of relevant
information on their contents in foods.
Objective: To develop a food polyamine database from published data by which polyamine intake and food
contribution to this intake can be estimated, and to determine the levels of polyamines in Swedish dairy
products.
Design: Extensive literature search and laboratory analysis of selected Swedish dairy products. Polyamine
contents in foods were collected using an extensive literature search of databases. Polyamines in different
types of Swedish dairy products (milk with different fat percentages, yogurt, cheeses, and sour milk) were
determined using high performance liquid chromatography (HPLC) equipped with a UV detector.
Results: Fruits and cheese were the highest sources of putrescine, while vegetables and meat products were
found to be rich in spermidine and spermine, respectively. The content of polyamines in cheese varied
considerably between studies. In analyzed Swedish dairy products, matured cheese had the highest total
polyamine contents with values of 52.3, 1.2, and 2.6 mg/kg for putrescine, spermidine, and spermine,
respectively. Low fat milk had higher putrescine and spermidine, 1.2 and 1.0 mg/kg, respectively, than the
other types of milk.
Conclusions: The database aids other researchers in their quest for information regarding polyamine intake
from foods. Connecting the polyamine contents in food with the Swedish Food Database allows for
estimation of polyamine contents per portion.
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T
he Swedish Food Database provides regularly
updated information on the nutritional composi-
tion for more than 2,000 foods and dishes, mostly
Swedish representative foods (1). For each type of food,
data on 52 nutrients are presented in terms of amounts
per grams or portions of foods, in addition to some
information on analytical methods and calculations, and
are all available on the database. However, there is still a
lack of information on the contents of some bioactive
components in food, for example, polyamines.
Polyamines (putrescine, spermine, and spermidine) are
aliphatic amines that are reported to be essential compo-
nents of all living cells (24). Because of their roles in
cellular growth, normal function, and proliferation, these
biologically active compounds have been of main interest
among the group of biogenic amines (5, 6). In addition,
polyamines are involved in the differentiation of immune
cells as well as in regulation of inflammatory reactions
(7, 8), and they exert a suppressor effect on pulmonary
immunologic and intestinal immunoallergic responses
(9). In children, high polyamine intake during the first
year has been significantly correlated to food allergy
prevention (10). In addition, spermine and spermidine
have been shown to display a significant antiglycation
effect at physiological concentration suggesting new role
for polyamines in diabetes (11).
The body pool of polyamines is maintained by three
sources: endogenous or de novo biosynthesis, intestinal
microorganisms, and exogenous supply through the diet
(5, 12, 13). This external dietary source provides a larger
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esis. The latter produces only about 12 nmol of putres-
cine per hour per gram of tissue in the most active organs
(14). Diet can to a certain extent regulate biosynthesis of
polyamines (14). Thus, dietary polyamines have several
important roles to play in this regard; supporting a
normal metabolism (15) and maintaining optimal health
as well as regulating the intracellular polyamine synthesis
(2, 14, 16, 17). These seem to be of importance for
maintaining the normal growth, maturation of the
intestinal tract (18, 19). Since the level of polyamines
decreases with age in animal organs (brain, kidney,
spleen, and pancreas) (20), it has been suggested that
maintenance of polyamine level from the diet is impor-
tant to keep the functioning of various organs in the
elderly (17). On the other hand, the cell growth promot-
ing effect may also be negative in relation to cancer
development. It has been shown that increased polyamine
levels are associated with increased cell proliferation as
well as expression of genes affecting tumor invasion and
metastasis (21).
Polyamines are present in variable amounts in various
foods (22). They originate from amino acids such as
arginine and ornithine, which act as precursors and
undergo decarboxylation processes by the action of
putrefactive bacteria (23, 24). This explains why higher
concentrations of polyamines are found in fermented
food products such as sauerkraut, some sausages, and
cheeses (22, 23). In plants, exposure to salt or osmotic
stress seemed to enhance polyamine biosynthesis and,
thereby, the contents of polyamines increased (25).
In mammalian cells, the ornithine forms putrescine by
the action of the enzyme ornithine decarboxylase.
Putrescine then forms spermidine and spermine through
a reversible metabolic process (13).
The mean dietary intake of polyamines has been
estimated in some countries such as Japan (6), the US
(26), and the UK (2). The estimated values for the daily
polyamine intake in different studies vary between 250 to
550 mmol (6, 22, 26). In Europe, a higher intake of total
polyamines (700 mmol/d) was reported in the Mediterra-
nean regions (14) compared to 350500 mmol/d in the UK
and northern Europe (27). These dietary differences in
the pattern of foods and polyamine intake have been
associated with differences in the incidence of chronic
diseases  the Mediterranean diet is known to be
protective (14). The antioxidant effect of polyamines
could play a major role in prevention from chronic
diseases (28).
Studies reporting the contents of polyamines in foods
(2, 4, 16, 2934) show considerable variation in each food
item between studies and even between samples of the
same types of foods within studies.
The aim of this study was to develop a database of
polyamine content in foods coupled with the Swedish
Food Database, based on literature research and com-
pleting analyses of typical Swedish dairy products.
Methods
Database development and definition
An extensive literature search of databases was conducted
using the keywords polyamines, food, food analysis, diet,
and the individual names for the three polyamines
selected for addition to the database: putrescine, sper-
mine, and spermidine. This search was done using
PubMed, web of Science, and SciFinder Scholar that
cover both Medline and CAPLUS databases. Both
Medical Subject Headings (MeSH) and text word search-
ing were used to locate any published laboratory data for
polyamines contents in foods. Papers published between
1986 and 2009 were selected.
When a single reference reported multiple analyses for
the same food group, or if values for an individual food
item were obtained from several references, the mean for
all given values was calculated. However, when values
reported from different references were extremely differ-
ent, the median was taken to minimize the influence of
extreme values. The average polyamine content for each
food was then entered in the Dietist XP. All collected
information on polyamine content in different foods was
gathered into an Excel file where they were classified into
food groups.
Values for polyamines content in some of the studies
have been reported in nmol/g of food. These values were
converted into mg/kg based on the appropriate equation
(molmass/molecular weight). The molecular weights
for putrescine, spermine, and spermidine are 88.15 g/mol,
145.25 g/mol, and 202.34 g/mol, respectively. In addition,
portion size was also considered due to the fact that
portion size and frequency of consumption of these foods
vary considerably, which means that a normal food
frequency questionnaire would not necessarily detect
intake of products with high amounts of polyamines;
for example, sauerkraut or well-fermented cheese (26).
Portion size estimation
The Swedish National Food Administration (Livsme-
delsverket) has estimated the portion size for 1,334 foods.
All portions in grams are available in the Swedish Food
Database where the units in grams or deciliters can be
found for most of the food available.
In the Dietist XP software (version 3.0, 2007) where the
polyamine contents are entered, the weight of the food
per portion size, the weight in grams per deciliter for
liquid food, and the amounts in grams for each spoon or
cup are all collected from the same data that is available
in the Swedish Food Database from Livsmedelsverket,
2001. Thereby the content of each polyamine in foods per
Mohamed Atiya Ali et al.
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Sampling
All samples were collected and analyzed between October
and December 2009. Samples of cow’s milk (0.5%, 1.5%,
3%, and 4.5% fat), yogurt, and sour milk were purchased
from thelocal market 1 day before the analysis andat least
1dayafterproduction.Thebestbeforedateswerein7days
for milk, 4 and 2 weeks for yogurt and sour milk,
respectively. Different types of cheese with low and high
fat content, varied between short- and long-term storage
were also purchased (at least 2 months before best before
date). The brands of all these productswere representative
for the Swedish mostly purchased dairy products, with the
exception of Gamle Ole, the Danish cheese that was
includedintheanalysisduetoitslongfermentationperiod
(52 weeks). Only 4.5% fat milk and mature cheese were
purchased from a different local market. Each sample was
keptintherefrigeratorat48Cuntilthenextday,whichwas
the same degree of refrigerating at the market. For each
dairy product, five samples (packages) of the same type of
product were subjected to replicate analysis.
Chemicals
Polyamine standards (putrescine, spermidine, and sper-
mine), internal standard (1,7-diaminoheptane), perchlo-
ric acid 70%, benzoyl chloride 99%, and acetonitrile
99.9% analytical grade were all purchased from Sigma-
Aldrich (Chemie GmbH, Germany). Diethyl ether was
obtained from Scharlau Chemie S.A, Spain.
Analytical method
For milk and yogurt, polyamine extraction was done by
adding 3 ml of 0.6 N perchloric acid to 5 ml of the
sample, spiked with 2 mM internal standard (1,7-
diaminoheptane). For all types of cheese, 10 g of the
sample was also spiked with a known amount of internal
standard before the mixture was homogenized as de-
scribed by Novella-Rodriguez et al. (33). The mixture was
kept at 48C for 1 h before centrifugation at 30,000g
10 min at 48C to separate the protein phase from the
acidic extract phase including the polyamines. As pre-
viously detailed in methods for determination of poly-
amines using precolumn derivatization (35), the
polyamine derivatization procedure was done by treating
the acidic extract of polyamines with small amounts of
2N NaOH to keep the pH above 13. The mixture was
then subjected to the derivatization procedure by adding
10 ml of benzoyl chloride prior to polyamine extraction
by diethyl ether (twice) and concentration by evaporation
with nitrogen gas. The residue (benzoylated polyamines)
was dissolved in 1 ml of 38% acetonitrile in water (the
same solvent that was used as mobile phase). The
resulting solution was then filtered using a syringe filter
(GF Millipore MA, USA) and an aliquot of 50 ml of each
sample was automatically injected onto a High Perfor-
mance Liquid Chromatography (HPLC, Waters 2690)
equipped with a Nova-Pak C18 column (153.9 mm) and
Waters UV detector 996. Data acquisition was accom-
plished with Millennium
32 Version 3.0 system. The entire
HPLC run was under isocratic elution with a flow rate of
1 ml/min.
Benzoylated polyamines were detected by UV absorp-
tion at 198 nm, as it has been shown to increase the
absorbance by ca. 50 times when acetonitrile is used as
solvent (36). Polyamine identification was based on
comparison between the retention times of polyamine
standards. These were prepared at known concentrations
from a stock solution and subjected to the same
derivatization and extraction procedures. The detection
limits were lower than 0.1 mg/kg for polyamines. Based
on polyamine analysis in 10 runs of replicate samples, the
inter-assay coefficient of variation (CV) was 8.38.8%.
Data analysis
Means and standard deviations of dietary polyamine
content of Swedish dairy products as well as the
coefficient of variation of polyamines were calculated
using SPSS version 17.0, 2008, SPSS Inc.
Results
Polyamine in foods from the database
The literature search for any published values for
putrescine, spermidine, and spermine provided data on
polyamine content for more than 250 foods. The contents
of polyamines in these foods are shown in Table 1 with
references (2, 46, 1517, 22, 23, 3133, 3756). Fruits
(like oranges), fruit juices (orange juice and grapefruit
juice), sauerkraut, cheddar cheeses, cod roe, soy sauce,
and soy miso were high in putrescine. Spermidine content
was high in dry soy bean, chicken liver, green peas, corn,
shell fish, and blue cheese. A high content of spermine
was found in most of the meat products (like sausages,
pork, chicken, and turkey), some vegetables (like pump-
kin), and cheese. This polyamine, on the other hand, was
found in low quantities in other types of foods and
frequently reported as not detected.
Based on the Dietist XP and portion size, the top 12
foodshavingthehighestamountsofeachpolyamineinmg
per portion were listed in Table 2. Polyamine contents
accordingtofoodgroupsareshowninFig.1.Thegroupof
cheesewasthehighestsourceofspermidine,whilethefruits
groupwasthehighestinputrescine.Bothfoodgroupswere
the most important sources of total polyamine.
A study to develop a database of polyamine content in foods
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Putrescine Spermidine Spermine
Food product n Mean SD Min Max Mean SD Min Max Mean SD Min Max Country and reference
Potato
Fresh 3 9.7  9.5 9.9 11.2  11 11.3 3.0  2.8 3.2 UK (22)
a
3 17.6   13.5   ND   Japan (4)
b
6 9.7 2.1 5.8 12.8 11.3 1.7 8.3 13.6 2.6 1.2 0.8 4.0 Norway (16)
a
Cooked 3 21.6  20.1 23 15.2  14.6 15.8 5.2  4.8 5.6 UK (22)
a
4 3.9  ND 6.9 23.5  13.6 35.0 ND   Germany (51)
b
4 8.5 2.3 5.6 12.4 10.9 2.2 9.1 15.7 2.2 1.2 0.0 3.4 Norway (16)
a
Potato chips 4 21.6  21.2 22 24.8  23.8 25.8 2.6  2.4 2.8 UK (2)
a
Sweet potato 7 3.7  0.6 6.7 4.5  1.7 8.0 0.8  0.2 2.8 Japan (6)
c
Potato crisps 3 40.2  38.4 41.9 37.6  35.2 39.9 4.7  4.2 5.1 UK (2)
a
Vegetables
Cauliflower, fresh 3 3.8  3.1 4.5 24.8  21.7 27.8 2.4  2.0 2.8 UK (22)
a
7 4.9  2.2 7.6 31.2  17.1 42.8    Germany (51)
b
5 5.3 2.1 3.3 8.9 28.3 6.5 21.3 39.3 6.1 1.6 4.6 8.9 Norway (16)
a
Cooked 4 4.0 1.2 2.6 5.9 26.2 10.6 19.0 45.2 6.3 2.8 4.4 11.3 Norway (16)
a
Broccoli, fresh 4 9.0  7.0 10.5 33.2  31.8 36.0    Germany (51)
b
5 6.4 2.9 3.4 10.8 41.3 9.1 24.5 51.8 9.9 3.2 5.8 15.9 Norway (16)
a
Cooked 4 5.6 2.9 2.5 8.9 27.3 6.4 17.3 33.1 7.1 1.4 5.3 8.9 Norway (16)
a
Cabbage 3 1.0  0.4 1.6 8.3  3.2 5.1 3.4  3.2 3.6 UK (22)
a
4  14.4  13.2 16.6    Germany (51)
b
Celery 5 17.1  8.5 23.1 14.2  11.3 18.8 3.8  1.6 5.4 Japan (6)
c
Sauerkraut 121 146 99.0 2.8 529 8.2 6.6 ND 47.0    Czech R (52)
d
Spinach 32 12.9 23.7 2.5 119 7.3 3.8 1.3 15.4 2.2 0.8 1.4 3.8 Czech R (23)
d
5 4.4  1.7 13.4 17.8  14 22.3 2.0  3.8 5.4 Japan (6)
c
Beet 4 4.5 0.04  4.2 0.01  ND  France (38)
e
Cucumber 3 3.2  1.5  0.4  UK (22)
a
10 8.7 0.04  9.4 0.1  0.3 0.02  France (38)
e
5 6.9 1.4 5.5 8.7 7.4 1.6 5.4 10.3 1.2 0.8 0.0 2.8 Norway (16)
a
Carrot 3 1.5  1.2 1.8 8.0  7.7 8.3 2.4  2.0 2.8 UK (22)
a
4 2.8  2.0 3.9 4.5  4.3 4.7    Germany (51)
b
2 3.5  8.0  ND  Japan (4)
b
6 1.5 0.7 0.7 2.7 6.7 2.3 3.6 11.9 0.6 1.2 0.0 3.8 Norway (16)
a
Tomato 3  9.3 122  1.6 2.5 ND  UK (22)
a
2 10.6  1.7  ND  Japan (4)
b
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Putrescine Spermidine Spermine
Food product n Mean SD Min Max Mean SD Min Max Mean SD Min Max Country and reference
10 1.2 0.01  3.6 0.01  ND  France (38)
e
Concentrated
tomato pasta
19 25.9 8.2 7.9 41.1 8.4 3.7 2.7 15.8 2.1 0.5 2.1 2.9 Czech R (23)
d
Onion 3 6.4  5.5 7.2 6.8  5.5 8.1 1.0  0.8 1.2 UK (22)
a
10 0.5 0.02  5.1 0.01  ND  France (38)
e
6 0.6  0.2 1.0 2.3  1.2 3.0 0.8  0.4 2.2 Japan (6)
c
Green onion 2 24.5 17.0  0.2  Japan (15)
b
Garlic 4 2.3  0.7 6.1 11.1  7.4 18.8 5.8  3.6 7.1 Japan (6)
c
Ginger 6 2.6  0.6 3.7 3.7  1.7 8.0 0.4  0.0 0.8 Japan (6)
c
Green pepper 10 54.7  31.2 84.0 11.6  7.7 17.8 9.0  4.0 20.8 Japan (6)
c
Red pepper 10 2.3 0.02  4.7 0.02  1.7 0.04  France (38)
e
Lettuce 3 4  3.3 4.8 6.2  4.2 8.3 ND  UK (22)
a
3 5.6 1.3 4.5 7.3 9.1 1.5 7.4 10.3 0.8 0.8 0.0 1.8 Norway (16)
a
Rucola 2  1.2 10.7  14.6 29.0 6.2  Japan (15)
b
Lentil soup 4 3.3  3.3 3.4 2  21.5 22.5 7.4  6.8 7.9 UK (2)
a
Celeriac 3 6.1  3.7 7.7 26.7  19.7 34.7 ND  Germany (51)
b
Maize 6 50.7  18.3 85.4 21.0  8.0 39.0 1.6  0.2 5.1 Japan (6)
c
Parsley 5 8.7  4.0 13.0 4.8  3.1 6.7 1.8  1.4 2.2 Japan (6)
c
Asparagus 3 2.9  2.0 3.8 10.3  9.2 10.9 ND  Germany (51)
b
Aubergine, eggplant 10 31.7 0.6  4.3 0.03  0.6 0.02  France (38)
e
Pumpkin 5 6.6  3.2 10.8 6.1  5.6 9.8 18.4  6.6 41.4 Japan (6)
c
Okra 2 21.7 18.6  ND  Japan (15)
b
Peppermint 2 6.8 13.2  2.0  Japan (15)
b
Dill 2 12.7 29.2  8.7  Japan (15)
b
Mushroom 5 4.0  2.0 6.0 88.6  62.4 139.3 3.4  3.0 4.5 Japan (6)
c
Fruits
Apple 3 1.0  0.4 1.7 2.5  2.2 2.8 ND   UK (22)
a
2N D 1.0   ND   Japan (15)
b
Raisins 10 0.1  0.4   0.2   France (38)
e
4  0.8 1.2  0.9 1.6  0.4 0.6
Pear 3 24  23.6 24.2  30.2 76.0  8.1 49.3 UK (22)
a
10 0.4 0.01  3.0 0.01  ND   France (38)
e
Peach 2 0.4  6.1   5.1   Japan (15)
b
10 0.65 0.06  2.67 0.03  0.04   France (38)
e
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Putrescine Spermidine Spermine
Food product n Mean SD Min Max Mean SD Min Max Mean SD Min Max Country and reference
Orange 3 117.6  95.1 140.0 8.4  8.8 9.7 ND   UK (22)
a
2 117  1.9   1.6   Japan (4)
b
5 137 11.3 119 153 4.1 4.0 0.4 11.6 0.2 0.2 0.0 1.4 Norway (16)
a
Orange, canned 3  27.0 30.0  0.7 1.0 ND   UK (22)
a
Mandarin 10 122 44.2 67.3 200 2.3 1.3 0.0 4.5 0.4 0.8 0.0 3.0 Norway (16)
a
Lime 2 41.0  5.0   1.8   Japan (15)
b
Banana  15.3 0.4  11.3 0.2  1.5 0.1  Spain (39)
b
5 12.3  11.2 13.8 5.8  4.2 8.2 0.6  0.0 1.6 Japan (6)
c
Melon 2 0.4   11.7   ND   Japan (15)
b
Watermelon 2 ND  1.2   ND   Japan (15)
b
Strawberry 5 1.0  0.8 1.2 2.0  1.6 3.0 0.4  0.2 0.6 Japan (6)
c
Cherry 6 1.6  0.4 4.3 1.6  0.0 3.6 0.8  0.4 2 Japan (6)
c
Prune 2 1.1  1.6   ND   Japan (15)
b
Papaya 2 4.6  5.3   ND   Japan (15)
b
Mango 2 80.0   30.0   3.2   Japan (15)
b
Avocado 2 ND   10.2   4.0   Japan (15)
b
Kiwi 10 1.2 0.01  5.4 0.04  1.5 0.02  France (38)
e
Fig 2 2.2  5.2   ND   Japan (15)
b
Pineapple 10 0.7  4.0 0.02  2.2 0.02  France (38)
e
Dates (dry) 10 2.8 0.02  1.5 0.01  0.2   France (38)
e
Grapes  0.1  0.06   0.01   Spain (56)
f
Cereals
Wheat flour 2 1.5  9.6   5.3   Japan (4)
b
Bread, white 3 1.7  1.5 1.8 5.1  5.0 5.2 3.6  3.4 3.8 UK (22)
a
10 1.1 0.01  7.8 0.06  2.6 0.02  France (38)
e
Whole grain 3 0.7  0.5 0.9 24.4  21.3 27.4 8.1  7.1 9.1 UK (22)
a
5 3.4 0.5 2.5 4.0 13.1 1.5 10.2 14.8 6.3 2.0 3.4 8.7 Norway (16)
a
10 3.5 0.01  15.8 0.1  4.5 0.04  France (38)
e
Oat bread 10 2.0 0.01  9.4 0.06  2.5 0.04  France (38)
e
Pasta, cooked 3 1.0  1.0 1.1 7.2  7.0 7.3 10.8  10.5 12.9 UK (22)
a
Corn 2  17.4 74 43.2   1.2   Japan (15)
b
Breakfast cereals, mixed 10 2.1  2.0 2.2 24.2  24.1 24.4 6.4  6.1 6.7 UK (2)
a
Rice 6 0.2  0.2 0.3 0.4  0.3 0.6 0.6  0.2 0.8 Japan (6)
c
Rice, polished 2 0.9  3.9   4.1   Japan (4)
b
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Putrescine Spermidine Spermine
Food product n Mean SD Min Max Mean SD Min Max Mean SD Min Max Country and reference
Brown rice 2 5.0  6.4  10.0   Japan (6)
c
Cooked rice 3 1.2  1.0 1.3 1.5  1.3 1.6 9.1  8.1 10.1 UK (22)
a
Rice bran 2 48.8   51.0  88.8   Japan (15)
b
Millet 2 1.7  9.1   9.7   Japan (15)
b
Legumes
Green peas, frozen 14 46.3 27.0 11.7 107 46.6 23.5 2.9 88.4 3.8 2.0 1.6 8.5 Czech R (23)
d
Cooked 3 5.7  5.4 5.9 65.2  62.1 68.2 52.5  33.5 71.7 UK (22)
a
Green beans, cooked 3 4.9  4.3 5.4 8.3  7.7 8.8 5  4.6 5.5 UK (22)
a
Red kidney beans 3 0.4  0.3 0.4 19.5  19.0 20.0 24.3  22.8 25.7 UK (22)
a
Chickpea 10 2.6 0.01 28.8 0.1  1.2  France (38)
e
Soybean, dried 3  1.6 6.5  33.2 62.1  29.7 34.3 UK (22)
e
1 17.0  128    Germany (51)
b
2 41.0  207  69.0  Japan (4)
b
Soybean miso 11 51.1 40.7 9.8 143.1      Taiwan (40)
g
2 20.2   11.7  2.0  Japan (4)
b
Soy sauce 22 88.1 129 0.0 514      Taiwan (40)
g
Beverages
Grapefruit juice 3 98.6  ND   ND  UK (22)
a
Orange juice 3 85.0 11.4 76.6 100 2.5 0.9 1.9 3.8 ND  Norway (16)
a
Preserved 3 54.6 2.6 51.3 57.4 1.9 0.2 1.7 2.0 ND  Norway (16)
a
Apple juice 3 5.1  2.0    Malaysia (53)
g
Pineapple juice 3 B0.01  2.7    Malaysia (53)
g
Tea, black leaves 3 15.3  14.4 16.1 38.1  36.5 39.7 59.0  57.8 60.0 UK (22)
a
Infusion 3 ND  0.2  ND  UK (2)
a
Black leaves 2 7.0 11.4  19.0  Japan (4)
b
Coffee, green  10.3 1.0 9.1 16.3 6.0 0.7 5.1 6.8 4.4 0.8 4.2 7.3 Brazil (41)
f
Granules 3 3.1  2.9 3.3 3.0  2.6 3.5 0.4  0.2 0.6 UK (2)
a
Infusion 3 0.1  0.0 0.1 ND  ND  UK (2)
a
Beer 5 4.0  3.2 4.5 ND  ND  Japan (6)
c
2 26.2  0.4  ND  Japan (15)
b
Red wine 2 5.1  0.4  ND  Japan (15)
b
10 2.3 0.01  0.1  ND  France (38)
e
White wine 2 3.5  ND  0.2  Japan (15)
b
10 1.1 0.01  0.4  ND  France (38)
e
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Putrescine Spermidine Spermine
Food product n Mean SD Min Max Mean SD Min Max Mean SD Min Max Country and reference
Meat (lamb and beef)
Lamb 2 1.0  5.0  47.1  Japan (15)
b
Beef
Raw, lean 3 5.7  5.5 5.9 19.0  18.3 19.7 36.4  30.7 42.0 UK (22)
a
2 0.5  2.6  28.3  Japan (4)
b
6   3.1 0.8 1.9 4.2 39.8 5.8 28.7 44.6 Spain (43)
f
5 10.1 14.3 0.8 38.5 5.5 3.2 2.6 12.0 27.3 4.4 16.8 26.0 Norway (16)
a
Ground beef 3 8.9  8.8 9.0 71.7  70.6 72.9 46.9  46.3 47.5 UK (22)
a
8 4.0 5.7 0.8 18.7 3.0 0.7 2.2 4.8 20.8 3.6 13.3 26.7 Norway (16)
a
Cooked beef 3 2.4  1.9 2.8 6.3  5.7 6.8 28.0  22.8 33.3 UK (22)
a
Fried beef 2  1.4 30.2  2.6 5.7  26.1 36.2 Norway (16)
a
Beef liver 2 1.0  6.8 197.0  Japan (15)
b
Sirloin, raw 6   1.5  30.0  Japan (42)
b
7 2.1 3.2 0.6 12.8 2.2 0.6 1.0 3.0 17.0 6.7 6.1 29.1 Norway (16)
a
Pork
Raw, lean 3 3.0  2.9 3.1 3.9  2.9 4.9  30.1 70.3 UK (22)
a
2 1.1  4.6  28.3  Japan (4)
b
Chops, raw 5 0.2 0.3 0.0 0.7 2.8 0.7 2.0 4.1 22.4 7.5 14.5 34.5 Norway (16)
a
Meat products
Sausage 3 14.2  13.8 14.5 6.1  5.8 6.4 25  24.0 25.9 UK (22)
a
Sausage, wiener 5 0.9 0.3 0.4 1.1 2.3 0.7 1.2 3.5 9.9 2.0 5.0 12.5 Norway (16)
a
Mortadella 20  0.0 5.7 4.0 2.3 1.0 8.9 17.2 7.5 6.7 32.2 Spain (43)
f
Bacon 10 0.3  1.0  5.3 0.04  France (38)
e
Salami 10 0.5  3.0  9.0  France (38)
e
Pork ham, smoked 3 4.1  4.0 4.3  2.0 8.8  40.2 50.3 UK (22)
a
Roasted 3 9.0  8.9 9.1 6.1  5.8 6.3  40.2 60.4 UK (22)
a
Cooked 20  0.0 12.4 2.1 0.6 1.4 3.5 21.4 8.4 6.4 35.7 Spain (43)
f
Dry-cured 23  0.0 17.4 5.6 0.9 4.4 7.3 35.7 8.2 24.9 62.1 Spain (43)
f
Ripened dry fermented 20  2.6 416 4.1 2.5 1.9 10.0 26.1 8.1 13.8 43.5 Spain (43)
f
Spanish sausage ‘‘chorizo’’ 3  0.8 185  6.7 8.2  39.1 58.8 Spain (31)
b
Spicy sausage 10 0.7 0.01  1.74 0.01  9.7 0.08  France (38)
e
Game
M
o
h
a
m
e
d
A
t
i
y
a
A
l
i
e
t
a
l
.
8
(
p
a
g
e
n
u
m
b
e
r
n
o
t
f
o
r
c
i
t
a
t
i
o
n
p
u
r
p
o
s
e
)
C
i
t
a
t
i
o
n
:
F
o
o
d
&
N
u
t
r
i
t
i
o
n
R
e
s
e
a
r
c
h
2
0
1
1
,
5
5
:
5
5
7
2
-
D
O
I
:
1
0
.
3
4
0
2
/
f
n
r
.
v
5
5
i
0
.
5
5
7
2Table 1 (Continued)
Putrescine Spermidine Spermine
Food product n Mean SD Min Max Mean SD Min Max Mean SD Min Max Country and reference
Roe deer 3 19.3 17.4 14.7 2.9  54.3 7.4  Slovakia (54)
g
Red deer 3 9.0 7.6 17.0 7.0  59.3 2.3  Slovakia (54)
g
Fallow deer 3 38.0 17.8 14.7 2.7  60.7 0.7  Slovakia (54)
g
Pheasant 3 ND 21.0 1.0  83.0 6.9  Slovakia (54)
g
Chicken, duck and turkey
Raw chicken 3 2.86  2.8 2.9 9.3  9.1 9.4 59.2  58.8 59.9 UK (22)
a
2 0.4  2.9  62.6  Japan (4)
b
Grilled chicken 5 2.0 0.5 1.3 2.7 17.3 3.9 13.2 25.7 44.4 6.1 33.7 53.1 Norway (16)
a
Chicken breast, raw 4 B0.8  7.7 0.6  17.2 0.9  Brazil (44)
f
20   4.8 1.7  36.8 5.9  Czech R (5)
g
Chicken thigh, raw 4 B0.8  7.2 1.8  16.2 0.9  Brazil (44)
f
20  10.2 2.2  38.0 3.7  Czech R (5)
g
Chicken frankfurter 10 0.6  0.0 1.4 15.8  11.9 26.6 10.8  6.0 17.1 Brazil (44)
f
Chicken wings 10 0.7 0.01  9.3 0.1  23 0.4  France (38)
e
Chicken liver 20  48.7 8.8 133 18.0  Czech R (5)
g
Mortadella 10 2.6  0.0 19.2 10.8  4.9 24.3 10.1  6.4 15.9 Brazil (44)
f
Hamburger 10 0.6  0.0 1.9 12.6  4.2 24.4 9.2  4.5 15.6 Brazil (44)
f
Duck 2 1.7  8.4  65.3  Japan (15)
b
Turkey wing 10 1.2 0.01  1.4 0.01  13.8 0.1  France (38)
e
Fish products
Cod, raw 3 28.0  26.4 29.7 1.3  1.0 1.6  3.0 6.5 UK (22)
a
9 1.4 0.9 0.5 3.1 0.6 0.9 0.0 3.8 0.6 0.8 0.0 2.2 Norway (16)
a
Cod, salted 5 4.9 3.0 2.1 9.6 1.5 1.0 0.0 2.5 2.6 1.6 0.0 3.8 Norway (16)
a
Cod roe 6 90.9 17.8 79.3 129.0 13.6 4.2 7.8 18.8 20.0 6.5 9.9 26.9 Norway (16)
a
Salmon, raw 9 2.7 1.0 1.6 4.6 1.5 0.7 0.4 3.3 0.8 0.8 0.0 3.2 Norway (16)
a
2 3.3  6.5  8.2  Japan (15)
b
Salmon, cooked 2 2.5  2.4 2.6 4.5  4.2 4.8 4.8  4.0 5.5 Norway (16)
a
Mackerel, raw 7 2.4 0.7 1.3 3.5 2.9 0.9 1.6 4.1 3.0 2.4 0.0 7.7 Norway (16)
a
In tomato, canned 5 7.4 2.1 3.9 9.7 3.0 1.2 1.4 4.4 1.4 1.4 0.0 4.2 Norway (16)
a
Tuna, fresh 20  B0.25 4.8  1.2 11.7  7.3 37.0 Spain (55)
f
Canned 38  B0.25 2.2  1.5 10.0  2.2 35.2 Spain (55)
f
10 5.6 7.1 1.3 25.4 5.4 1.6 1.9 8.0 7.9 1.6 5.3 10.3 Norway (16)
a
Tuna flakes in oil 3 B0.01  1.4    Malaysia (53)
g
Tuna in water 3 2.4  1.2    Malaysia (53)
g
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)Table 1 (Continued)
Putrescine Spermidine Spermine
Food product n Mean SD Min Max Mean SD Min Max Mean SD Min Max Country and reference
Cray fish 10 0.1  0.6 0.01  ND  France (38)
e
Sardine 2 1.1 11.7  14.7  Japan (15)
b
Anchovies 3 5.0  2.3 7.6 2.2  2.1 2.3 7.7  7.5 7.9 Spain (46)
f
Crab, canned 2 122  110 134 1.4  1.2 1.5 2.1  2.0 2.2 Norway (16)
a
Muscles 10 1.0 0.01 37.7 0.8  26.3 1.4  France (38)
e
Scallops (white) 10 25.1 0.5  1.0 0.01  2.8 0.02  France (38)
e
Scallops (coral) 10 43.0 0.6  2.1 0.03  10.1 0.1  France (38)
e
Shrimp 2 3.7  ND  ND  Japan (15)
b
Trout 3 1.8  1.8 1.9 4.0  3.9 4.2 8.9  8.7 9.1 UK (22)
a
Fish sauces 45  8.0 1260      Germany (47)
e
Milk and yogurt
Full cream 3 0.1  0.4  0.2 0.5 0.4  0.2 0.6 UK (22)
a
5     0.3 0.9  0.4 1.6 Poland (48)
b
Semi-skimmed 3 0.2  0.1 0.2 0.5  0.3 0.6 0.3  0.2 0.4 UK (22)
a
Unspecified 5 B0.1  0.17  0.16 0.18 B0.1  Spain (33)
f
Reconstituted powdered 4   0.8  0.2  Brazil (49)
f
Soya milk 2 2.1 16.2  2.8  Japan (15)
b
Yogurt, plain  0.1  0.07  0.06  Spain (56)
f
5 0.3 0.4 0.0 0.9 0.7 0.6 0.0 1.3 0.8 1.0 0.0 2.2 Norway (16)
a
Cheeses
Cheddar, fresh 3  10.1 20.0  80.8 109  23.8 39.2 UK (22)
a
Cheddar, matured (1 year)
h 3 653  199.5  197 202  23.2 40.0 UK (22)
a
Camembert (3 weeks)
h 2N D  1.5  ND  Japan (4)
b
Gouda (16 months)
h 2N D  ND  ND  Japan (4)
b
Blue, Japanese (15 months)
h 26 . 720.3  ND  Japan (4)
b
Blue, Norwegian 3 16.4 2.7 12.6 20.2 23.8 4.1 20.2 29.3 0.4 0.8 0.0 2.0 Norway (16)
a
Unripened, Spanish 10  ND 1.4  0.4 0.8  ND 1.1 Spain (33)
f
20  ND 3.1  ND 0.8  ND 1.1 Spain (50)
f
Ripened, Spanish 10  ND 612  ND 43.0  ND 18.7 Spain (33)
f
Hard-ripened 20  ND 670  ND 39.6  ND 21.5 Spain (50)
f
Blue, Spanish (15 months)
h 20  3.0 257  ND 71.6  ND 18.9 Spain (50)
f
Soft cheese (48 weeks)
h 10 0.15  0.2 0.01  0.02  France (38)
e
Goat cheese (3 weeks)
h 10 0.6 0.01  0.6 0.01  0.3 0.02  France (38)
e
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Putrescine Spermidine Spermine
Food product n Mean SD Min Max Mean SD Min Max Mean SD Min Max Country and reference
Eggs
Boiled 4 0.3  0.3 0.4 0.2  0.0 0.2 0.4  0.2 0.6 UK (2)
a
2 B0.4  B1.4 B1.0  Japan (4)
b
Nuts
Almond 5 1.6  1.1 3.0 6.0  5.1 7.4 13.5  11.7 15.5 Japan (6)
c
Cashew 5 0.8  0.26 1.2 4.6  3.2 5.2 24.0  18.4 28.3 Japan (6)
c
Peanut 4 1.5  0.8 2.8 16.0  12.7 19.1 17.8  13.3 25.7 Japan (6)
c
Pistachio 5 18.2  7.2 27.6 11.0  13.3  Japan (6)
c
Hazelnut (dried) 10 4.2 0.02 21.0 0.4  6.5 0.2  France (38)
e
Desserts
Chocolate 8 ND  1.0 0.1  2.0 0.1  Spain (39)
b
5 0.4  0.0 0.9 2.4 2.2 2.4 1.4  0.8 2.2 Japan (6)
c
Jam 4 1.2  1.1 1.3 2.2  1.7 2.6  0.8 2.6 UK (2)
a
Honey 10 0.7  0.1  ND  France (38)
e
Fruit salad 10 4.0 0.02  2.2 0.01  0.2  France (38)
e
Cookies 10 ND  0.9   0.2  France (38)
e
Black chocolate 10 0.8  3.1   0.6  France (38)
e
Apricot marmalade 10 1.0 0.01  1.6  ND  France (38)
e
Raspberry marmalade 10 1.3 0.01  1.7   0.2  France (38)
e
Prune marmalade 10 4.6 0.02  2.0 0.01  0.4  France (38)
e
Strawberry marmalade 10 1.4 0.01  2.0 0.01  0.4  France (38)
e
Seasonings
Salt 10 ND  ND  ND  France (38)
e
Ketchup 24 52.5 54.1 2.4 165 6.1 9.0 1.1 33.4 5.0 3.1 1.4 12.1 Czech R (23)
e
Mustard 10 1.8 0.02 34.2 0.1  1.8  France (38)
e
Mayonnaise 10 0.1  0.6  0.2  France (38)
e
Methods used for polyamine detection:
aHigh performance reverse phase liquid chromatography (HPLC)-fluorescence detector;
bHPLC-fluorescence detector;
cHPLC with cation exchange resin;
dMicellar
electrokinetic capillary chromatography;
eAtmospheric pressure chemical ionization-mass spectrometry (MS);
fIon-pair reverse phase HPLC-fluorescence detector;
gHPLC-UV detector;
hAging time of cheese.
Abbreviations: n: number of samples; SD: standard deviation; : not reported; ND: not detected.
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Table 3 shows the results from our laboratory analysis of
typical Swedish dairy foods. The low fat milk and sour
milk had the highest total polyamine contents, whereas
the yogurt had the lowest contents. Sour milk had the
highest mean putrescine contents. Total polyamine level
was higher in cheese with long maturation than other
types. Unlike the milk, cheese that differs in fat percen-
tage still had similar values of polyamines.
Discussion
Polyamine database
Polyamine content varies noticeably in food. Data
obtained from different studies reflect this variation.
Using different techniques for measuring polyamines, in
addition to the other influencing factors such as storage
periods and conditions as well as cooking method, might
also play a role in affecting the resulting database (5, 57).
These different analytical methods showed some varia-
tion in polyamine contents in the same type of food. As
shown in Table 1, putrescine in tomato varied from 1.2 to
122 mg/kg in three different studies (4, 22, 38). In
addition, putrescine in sausage was another example of
this variation not only between studies that have even
used the same method (16, 22) but also varied in the same
study. For example, the large variation in putrescine
content in fermented Spanish sausage is explained by the
metabolism of fermentative bacteria and the period of
fermentation process (43). Similarly, the tremendous
variation in putrescine concentration in 121 samples of
sauerkraut (2.8529 mg/kg) may be explained by the
different microflora during spontaneous fermentation
(52). However, values for polyamines in the main food
sources such as putrescine in oranges, spermidine in
Japanese and Norwegian blue cheese, and spermine in
raw lean beef were similar across studies (4, 6, 16, 22).
Fermented soy bean has been reported to have
considerable amounts of polyamines. Polyamines in
fermented soy bean are considered to be formed by the
action of lactic micro flora that is active during the
fermentation process (5860).
In Table 2, cooked soy bean and cow’s liver were the
highest sources for spermidine and spermine, respectively,
whereas for putrescine, sauerkraut appeared to be the
third important source due to its lower portion size than
grape fruits and oranges. These figures differ slightly
Table 2. Top 12 food sources of polyamines (mg/portion) in the
Dietist XP
Polyamine/food item Portions in grams Polyamines mg/portion
Putrescine
Grapefruit juice, fresh 200 19.6
Orange juice 200 17.0
Sauerkraut 80 14.6
Orange 110 14.0
Crab, conserved 75 9.2
Maize 100 5.1
Peas, green 100 4.6
Pear 100 3.0
Soybean, cooked 190 1.70
Potato, cooked 150 1.68
Paprika, green 30 1.64
Soy sauce 18 1.60
Spermidine
Soybean, cooked 190 9.7
Peas, green 140 9.1
Pear 125 6.6
Lentil soup 250 5.5
Mushroom 50 4.4
Red beans 190 3.7
Broccoli 100 3.6
Cauliflower 100 3.0
Chicken, steak 125 2.2
Popcorn 50 2.1
Cheese 20 2.0
Potato, cooked 150 1.8
Spermine
Liver (cow) 125 19.7
Green peas 140 7.3
Pork, ham 125 6.3
Chicken 125 5.6
Soybean, cooked 190 4.0
Beef steak 125 3.9
Pork 125 3.8
Pear 125 3.5
Cheeses 100 3.0
Tuna fish 125 2.7
Chicken breast 125 2.3
Lentil soup 250 1.85
Fig. 1. Mean polyamine (putrescine, spermidine, and
spermine) content in each food group according to the
developeddatabase.Numberoffoodsincludedin eachgroup:
fruits (29), vegetables (46), bread (14), meat (55), cheese (19),
and potato (6).
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highest polyamine contents were reported (26). Fresh or
canned corn and green pea soup had the highest
spermidine and spermine, respectively. This difference
could be due to the fact that the mean values for each
polyamine that were estimated in their food database
differ slightly from ours and also due to difference in
portion size estimates.
Polyamine in dairy products
Our laboratory results showed that Swedish cheese has
higher polyamine content than milk. This is natural since
cheese is essentially concentrated milk. Such a finding
was in accordance with other hard cheese variants from
literature (16, 33, 50). The values for the mean total
polyamine content, particularly putrescine and spermine
in selected Swedish mature cheese were comparable to
those in Spanish hard cheese (33). However, there were
still reported variations in polyamine content in cheese
between the studies (4, 16, 33, 38). This could be due to
differences in the fermentation process and the starter
culture employed in the cheese production (16, 58, 61).
As reported for other studies on polyamine contents in
cheeses (4, 16, 22, 50), the putrescine content varied
between matured and unmatured cheese. The high
content of putrescine in matured cheese is expected to
be a result of the fermentation process. A previous study
showed that lactobacillus acidophilus, Streptococcus
faecium, and Lactobacillus casei, which were isolated
from fermented cheese, were responsible for putrescine
production (61). In addition, using pasteurized milk and
mesophilic or thermophilic starter bacteria favored the
formation of polyamine in cheese (60). Spermine and
spermidine contents were higher in Herrga ˚rdsost, a
common Swedish short maturation cheese, independent
of fat content (17 and 28% fat). Herrga ˚rdsost is made by
introducing bacterial starters to pasteurized milk includ-
ing lactic acid bacteria, which acidify the milk. This
bacterial process besides the short maturation would
explain the higher putrescine contents in Herrga ˚rdost
than in Pra ¨stost. In Pra ¨stost with 28% fat, spermine was
detected only in one sample out of five. This polyamine
was twice as much the content in 31% Pra ¨stost. This
difference in spermine within the same type of cheese can
be explained by polyamines variability not only between
different types of cheese but also within the same type,
which could be attributed to difference in the manufac-
turing process (50).
In milk, the lower the fat content, the higher the
polyamine content. It has been previously reported that
high fats and protein proportions might hinder poly-
amine extraction (33). Therefore, such effect has been
considered in our method by careful polyamine extrac-
tion. Moreover, putrescine concentration in milk, parti-
cularly low fat milk, was about 10 times higher than the T a b l e
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(page number not for citation purpose)concentrations that were reported previously (22). This
variation might be explained by the effect of milk
processing on the levels of polyamines; however, when
non-homogenized high fat milk was analyzed for its
polyamine content, lower polyamine values were de-
tected. Another explanation for the variation within
and between studies could be the effect of seasonal
variations on milk composition, storage conditions, and
environmental influences and the different techniques
used for polyamine determination (3, 48). The very low
polyamine content in yogurt was in agreement with the
contents reported from other studies (16, 56).
Limitations of the study
We did not have a large sample size when it comes to our
own analyses of dairy products. However, the dairy
products selected were the most commonly purchased
brands in Sweden and the variation in the results from
our chosen sensitive analytical method was minor.
Conclusions
Information on polyamines content in foods has been
required due to the role of these dietary compounds in
health and diseases. Therefore, a database on polyamines
in foods was developed to provide an estimate for the
mean total and individual polyamine intake, based on
food intake derived from dietary surveys.
Thevariation in polyamines content is considerable and
may be related to raw material, manufacturing and
storage processes, different methodological approaches,
and seasonal variation. This variation between different
studies, besides the one even within the same type of food,
underlines the need for caution when interpreting
the results from literature. Reasons for the almost
10-fold variation in polyamine content demonstrated in
milk samples with different fat content needs further
investigation.
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